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(54) Cellulose acetate propionate, solution thereof and cellulose acetate propionate film 

(57) Cellulose acetate propionate is a cellulose 
ester wherein hydroxyl groups of cellulose are substi- 
tuted with acetyl and propionyl. Cellulose acetate propi- 
onate of the present invention has an amorphous index 
(Am) of not more than 0.4. Cellulose acetate propionate 
has a degree of acetyl substitution (DSac) and a degree 
of propionyl substitution (DSpr), which preferably satisfy 
the formulas (I) to (III), and more preferably satisfy the 
formulas (I) to (IV). The present invention also provides 
a solution of cellulose acetate propionate and a cellu- 
lose acetate propionate film. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to cellulose acetate propionate, a solution of cellulose acetate propionate in an 
organic solvent and a cellulose acetate propionate film. 

BACKGROUND OF THE INVENTION 

A cellulose acetate, particularly cellulose triacetate has been used to prepare various plastic products, such as a 
film or a fiber because the cellulose acetate is excellent in dimensional stability and heat-resistance. A cellulose acetate 
film is a representative photogrpahic support. Further, the cellulose acetate film has an optical isotropy Accordingly the 
film is also used in a liquid crystal display device, which has recently extended its market. The cellulose acetate film is 
used as a protective film of a polarizing plate or a color filter in the liquid crystal display device. 

A cellulose acetate product is prepared by using a solution (that is called "dope") or melt of cellulose acetate. For 
example, a cellulose acetate film is prepared according to a solvent cast method or a melt cast method. The solvent 
cast method comprises the steps of casting a solution of cellulose acetate in a solvent on a support, and evaporating 
the solvent to form a film. The melt cast method comprises the steps of casting molten cellulose acetate on a support 
under heating, and cooling it to form a film. The solvent cast method can form a highly flat film, compared with the melt 
cast method. Therefore, the solvent cast method is generally employed to give a cellulose acetate film. 

The solvent used in the solvent cast method must have functions not only of dissolving the cellulose acetate but 
also of forming an excellent film. In more detail, the viscosity and the polymer concentration of the solution (dope) 
should be appropriately adjusted to form a flat plane film having a uniform thickness. The dope also should have 
enough stability. Further, the dope should easily be set to gel. Furthermore, the formed film should easily be peeled off 
the support. The most appropriate solvent must be selected to satisfy these requirements. Moreover, the solvent should 
be so easily evaporated that the solvent scarcely can remain in the film. 

Various organic solvents have been proposed as the solvents of cellulose acetate. However, only methylene chlo- 
ride satisfies all the above-mentioned requirements. Accordingly, solvents other than methylene chloride have not been 
practically used. 

However, the use of hydrocarbon halides such as methylene chloride has recently been restricted severely to pro- 
tect the global environmental conditions. Further, methylene chloride is apt to vaporize in the process for the prepara- 
tion of the film, because it has a low boiling point (41 °C). Accordingly, methylene chloride may cause problems in the 
working environment. Therefore, the process is conducted under closed conditions. However, there is a technical limi- 
tation on sealing methylene chloride in a closed system. 

By the way, acetone and methyl acetate are widely used organic solvents. Acetone and methyl acetate have an 
appropriate boiling point (56°C and 57°C respectively). The process of evaporating acetone or methyl acetate does not 
need a large thermal energy. Further, acetone and methyl acetate have few problems on the human body and the global 
environmental conditions, compared with the organic chloride solvents. 

However, cellulose acetate has a poor solubility in acetone or methyl acetate. Cellulose triacetate having a degree 
of substitution of not more than 2.80 (acetic acid content: 60.1%) is slightly soluble in, and merely swelled in and ace- 
tone or methyl acetate. 

C.J. Malm et al. report in Ind. Enig. Chem., 43 (1951) 688, that solvents for cellulose acetate are limited in number, 
compared with cellulose propionate or cellulose butyrate. Cellulose propionate or cellulose butyrate is soluble in a 
ketone or an ester, in which cellulose acetate is insoluble. However, cellulose propionate and cellulose butyrate films 
are inferior to a cellulose acetate film in the mechanical strength and the durability. 

Cellulose acetate propionate and cellulose acetate butyrate are commercially available. For example, a catalogue 
of Eastman (June 1994) shows various cellulose acetate propionates and cellulose acetate butyrates, most of which 
are soluble in widely used organic solvents such as acetone and methyl acetate. However, cellulose acetate propionate 
and cellulose acetate butyrate films are still inferior to a cellulose acetate film in the mechanical strength and the dura- 
bility. The cellulose acetate propionate shown in the catalogue is not used in a protective film or a photographic support 
(which requires a high mechanical strength), but is used in printing inks. 

Japanese Patent Provisional Publication No. 6(1 994)-50 1040 proposes a melt casting method in place of the sol- 
vent casting method having the problems mentioned above. However, the melt casting method has another problem 
that the melting point of cellulose triacetate is higher than the decomposition point. If cellulose triacetate, which has a 
high degree of acetyl substitution, is heated, it would be decomposed before melted. The invention in the publication 
adjusts the degree of acetyl substitution in the range of 1 .9 to 2.6 to solve the problem of decomposition. The publication 
further discloses cellulose acetate propionate having a degree of propionyl substitution in the range of 0 to 0.9. In the 
Example B of the publication, cellulose acetate propionate has the degree of acetyl substitution of 1 .90 and the degree 
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of propionyt substitution of 0.71. In the Example C of the publication, cellulose acetate propionate has the degree of 
acetyl substitution of 2.10 and the degree of propionyl substitution of 0.50. 



SUMMARY OF THE INVENTION 

5 

The present inventors studied cellulose acetate propionate. Cellulose acetate (particularly cellulose triacetate) has 
a problem that solvents for cellulose acetate are limited in number. The problem can be solved by using cellulose pro- 
pionate or cellulose acetate propionate in place of cellulose acetate, as is described in the report of C.J. Malm et al. or 
the catalogue of Eastman. Cellulose propionate or cellulose acetate propionate is inferior to cellulose triacetate in the 
10 physical properties. Cellulose acetate propionate disclosed in Japanese Patent Provisional Publication No. 6(1994)- 
501040 also has a problem in the physical properties. 

The present inventors have further studied cellulose acetate propionate, and found that the known cellulose ace- 
tate propionate has a low degree of crystallinity. Therefore, a film made of the known cellulose acetate propionate is soft 
and has a low mechanical strength. 
75 An object of the present invention is to provide cellulose acetate propionate that is soluble in various organic sol- 
vents, and has physical properties as the same as or better than those of cellulose triacetate. 

Another object of the invention is to provide a cellulose acetate propionate solution from which a product of high 
mechanical strength can be formed. 

A further object of the invention is to provide a cellulose acetate propionate film of high mechanical strength. 
20 The present invention provides cellulose acetate propionate having an amorphous index (Am) of not more than 0.4 
defined in the following formula: 



25 



Am = 0-5 x {1(20=5°) + 1(26=14.5°)} 

n 

i=1 



in which 1(20=5°) and 1(20=14.5°) mean X-ray scattering intensities where Bragg angles (20) are 5° and 14.5° respec- 
tively, which are obtained by forming a film of 100 urn thick from a cellulose acetate propionate solution, treating the film 
30 at 200°C for 60 minutes and measuring X-ray diffraction of the film; n means the number of peaks observed in X-ray 
scattering intensity curve within the range of 5° to 14.5° of Bragg angles (20) in the measurement of the film; and Pi 
means X-ray scattering intensity at the peak number i in the measurement of the film. 

The invention also provides cellulose acetate propionate having a degree of acetyl substitution (DSac) and a 
degree of propionyl substitution (DSpr) satisfying the formulas (I) to (IV). 

35 

2.0<DSac^2.95 (I) 



0.05<DSpr<:0.8 (II) 
40 2.6<DSac+Dspr^3.0 (III) 

1.9<DSac-DSpr (IV) 



The invention further provides a solution of cellulose acetate propionate in an organic solvent, wherein the cellulose 
45 acetate propionate has an amorphous index (Am) of not more than 0.4. 

The invention furthermore provides a cellulose acetate propionate film prepared by a solvent casting method using 
a solution of cellulose acetate propionate in an organic solvent, wherein the cellulose acetate propionate has an amor- 
phous index (Am) of not more than 0.4. 

The cellulose acetate propionate of the present invention is soluble in widely used organic solvents other than 
so hydrocarbon halides. Further, the cellulose acetate propionate of the invention has a high degree of crystallinity. There- 
fore, a product having excellent physical and optical properties can be formed from the cellulose acetate propionate 
without use of hydrocarbon halide organic solvents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

Fig. 1 is a graph showing the X-ray diffraction of the film prepared in Example 1 wherein the ordinate means the X- 
ray scattering intensity (Kcps) and the abscissa means Bragg angle (20). 

Fig. 2 is a graph showing the X-ray diffraction of the film prepared in Comparison example 1 wherein the ordinate 
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means the X-ray scattering intensity (Kcps) and the abscissa means Bragg angle (20). 

Fig. 3 is a graph wherein the ordinate means the degree of propionyl substitution (DSpr) and the abscissa means 
the degree of acetyl substitution (DSac). 



DETAILED DESCRIPTION OF THE INVENTION 



[Definition of amorphous index] 

The cellulose acetate propionate of the present invention is characterized in that the amorphous index (Am) is not 
more than 0.4. The amorphous index (Am) is defined in the following formula. 



Am = 0-5 x {1(26=5°) + 1(20=14.5°)} 
n 

i=1 



In the formula, 1(20=5°) and 1(20=14.5°) mean X-ray scattering intensities where Bragg angles (20) are 5° and 14.5° 
respectively. The X-ray scattering intensities are obtained by forming a film of 1 00 ^m thick from a cellulose acetate pro- 
pionate solution, treating the film at 200°C for 60 minutes and measuring X-ray diffraction of the film. In the formula, n 
means the number of peaks observed in X-ray scattering intensity curve within the range of 5° to 14.5° of Bragg angles 
(20) in the measurement of the film. Further, Pi means X-ray scattering intensity at the peak number i in the measure- 
ment of the film. 

The measurement of the film is described in more detail. 

First, cellulose acetate propionate is dissolved in a solvent to obtain a solution. A film of 100 *un thick is prepared 
according to a solvent casting method using the obtained cellulose acetate propionate solution. The film is then treated 
at 200°C for 60 minutes to crystallize cellulose acetate propionate. The thermally treated film is pasted on an aluminum 
sample folder. The X-ray diffraction intensity curve of the film is obtained by a symmetric reflection method. The X-ray 
generator is a rotating anode type, and the X-ray source is Ka-ray of Cu. The X-ray is passed thorough a monochroma- 
tor to use a monochromatic X-ray. The operations are conducted at the tube voltage of 40 kV and the tube current of 30 
mA. The Bragg angle (20) of the measurement is in the range of 5° and 14.5°. The rotating speed of the goniometer is 
2°(20) per minute. The obtained X-ray diffraction curve is not subjected to corrections about the air scattering, a Lorentz 
polarizing factor or the like. The fluctuations in the intensity curve are smoothed to obtain the scattering intensity. 

The analysis of the X-ray diffraction intensity curve is described in more detail in Example 1 and Comparison exam- 
ple 1 referring to Figs. 1 and 2, respectively. 



[Degrees of substitution] 



The cellulose acetate propionate preferably has a degree of acetyl substitution (DSac) and a degree of propionyl 
substitution (DSpr) satisfying the formulas (I) to (III). 



2.0<DSac<2.95 (I) 

0.05<DSpr<0.8 (II) 

2.6<DSac+DSpr<3.0 (III) 
The cellulose acetate propionate more preferably satisfies the formula (IV) as well as the formulas (I) to (III). 



1.9<DSac-DSpr (IV) 

Cellulose acetate propionate is a cellulose ester wherein some of three hydroxyl groups of a cellulose unit (glucose 
combined with pi-4 glycoside bond) are substituted with acetyl and propionyl. The degree of substitution means the 
ratio of substituted groups to the three hydroxyl groups of the cellulose unit. The degrees of substitution are calculated 
from combined fatty acid contents (based on one cellulose unit), which are measured according to ASTM, D-817-91 
(Testing methods for cellulose acetate etc.). 

The degree of substitution is described below referring to Fig. 3. 

Fig. 3 is a graph wherein the ordinate means the degree of propionyl substitution (DSpr) and the abscissa means 
the degree of acetyl substitution (DSac). 
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The area hatched with vertical lines means the range of values satisfying the formulas (I) to (Ml). The area hatched 
with horizontal lines means the range of values satisfying the formulas (I) to (IV). The numbers 1 to 4 shown in Fig. 3 
mean the cellulose acetate propionates used in Examples 1 to 4, respectively. 

If a degree of acetyl substitution is lower than, or a degree of propionyl substitution is higher than the range of the 

5 present invention (if a plotted point is arranged in left or upper side of the area hatched in Fig. 3), an interaction of the 
cellulose ester molecule is so weak that the mechanical strength of the formed film (elastic modulus, folding endurance) 
is degraded. If a degree of acetyl substitution is higher than, or a degree of propionyl substitution is lower than the range 
of the present invention (if a plotted point is arranged in right or lower side of the area hatched in Fig. 3), solubilities of 
the cellulose ester in various organic solvents are decreased. 

10 Another acyl group or an ester group of an inorganic acid can be further attached to the cellulose acetate propion- 
ate so long as the degrees of the acetyl and propionyl substitutions included within the above-mentioned range. An 
example of another acyl group is butyryl. Examples of inorganic acids include nitric acid, sulfuric acid and phosphoric 
acid. 

The cellulose acetate propionate has a weight average degree of polymerization preferably in the range of 350 to 
15 800, and more preferably in the range of 370 to 600. 

The cellulose acetate propionate has a number average molecular weight preferably in the range of 70,000 to 
230,000, more preferably in the range of 75,000 to 230,000, and most preferably in the range of 78,000 to 120,000. 

[Synthesis of cellulose acetate propionate] 

20 

Cellulose acetate propionate can be synthesized by using an acid anhydride or an acid chloride as an acylating 
agent. In the case that an acid anhydride is used as an acylating agent, an organic acid (e.g., acetic acid) or methylene 
chloride is used as a reaction solvent, and an acidic catalyst such as sulfuric acid is used. In the case that an acid chlo- 
ride is used as an acylating agent, a basic compound is used as a catalyst. According to the most conventional indus- 
25 trial synthesizing method, cellulose is esterified with organic acids (acetic acid, propionic acid) or anhydrides thereof 
(acetic anhydride, propionic anhydride) corresponding to acetyl and propionyl groups to synthesize cellulose acetate 
propionate. 

The amounts of acetylating and propionylating agents are so adjusted that the degrees of substitutions are 
included within the above-mentioned range. The amount of the reaction solvent is preferably in the range of 100 to 
30 1 ,000 weight parts, more preferably in the range of 200 to 600 weight parts based on 1 00 weight parts of cellulose. The 
amount of the acidic catalyst is preferably in the range of 0.1 to 20 weight parts, and more preferably in the range of 0.4 
to 10 weight parts based on 100 weight parts of cellulose. 

The reaction temperature is preferably in the range of 10 to 120°C, and more preferably in the range of 20 to 80°C. 
Another acylating agent (e.g., butyrylating agent) or an esterifying agent (e.g., sulfuric esterifying agent) can be used in 
35 combination with the above-mentioned agents. If necessary, cellulose acetate propionate can be hydrolyzed (saponi- 
fied) to adjust the degrees of substitutions after completing the acylating reaction. 

After completing the reactions, the reaction mixture (cellulose ester dope) is separated according to a conventional 
method such as sedimentation. The separated material is washed and dried to obtain cellulose acetate propionate. 



40 [Cellulose acetate propionate solution] 



Cellulose acetate propionate is dissolved in a solvent to prepare a solution. 

An organic solvent is preferred to an inorganic solvent. The cellulose acetate propionate of the present invention is 
soluble in various organic solvents. The solubility is improved by the present invention because a solubility parameter 
45 is changed by an effect of a random polymerization. 

A solution of the cellulose acetate propionate of the present invention can be prepared without use of hydrocarbon 
chlorides such as methylene chloride, dichloroethane and chloroform. The amount of hydrocarbon chloride is preferably 
not more than 5 weight %, and more preferably not more than 3 weight % of the organic solvent. The organic solvent 
further preferably substantially does not contain hydrocarbon chloride, and most preferably completely does not contain 
so hydrocarbon chloride. 

Examples of the organic solvents include ketones (e.g., acetone, methyl ethyl ketone), nitro compounds (e.g., 
nitromethane, nitroethane), esters (e.g., methyl formate, ethyl formate, methyl acetate, ethyl acetate), amides (e.g., 
N.N-dimethylformamide, N-methylpyrrolidone), cyclic ethers (e.g., tetrahydrofuran, 1,3-dioxane, 1,4-dioxane, 1,3-diox- 
olane), cellosolves (e.g., methylcellosolve, ethylcellosolve, methylcellosolve acetate, ethytcellosolve acetate), nitriles 
55 (e.g., acetonitrile) and sulfoxides (e.g., dimethylsulfoxide). The cellulose acetate propionate of the present invention has 
a high solubility particularly in ketones such as acetone and esters such as methyl acetate, compared with cellulose 
triacetate. Two or more organic solvents can be used in combination. A lower alcohol having 1 to 4 carbon atoms (e.g., 
methanol, n-butanol) or cyclohexanone can be used in combination with the above-mentioned organic solvent. 
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A cellulose ester solution can be prepared in the same manner as in a conventional solvent casting method. The 
process and apparatus for the solvent casting method can be used in the preparation of the cellulose acetate propion- 
ate solution. 

A solution of a relatively low concentration can be prepared by stirring a cellulose ester in a solvent at the room tem- 
perature. A solution of a relatively high concentration is preferably prepared by stirring the ester in the solvent while 
heating under a pressure. In more detail, cellulose acetate propionate and a solvent are placed in a pressure-resistant 
vessel, and sealed. The mixture is then stirred at a temperature of higher than the boiling point (at atmospheric pres- 
sure) of the solvent. The pressure is so adjusted that the solvent is not boiled in the vessel. The heating temperature is 
usually not lower than 60°C, and preferably in the range of 80 to 1 10°C. 

After coarsely mixing components of the solution, the mixture can be placed in the vessel. Alternatively, each of the 
components can stepwise be introduced into the vessel in the order. A stirring device is preferably attached to the ves- 
sel. The pressure in the vessel can be increased by injecting an inactive gas such as nitrogen gas into the vessel. The 
pressure can also be increased by evaporation of the heated solvent. Further, the components can be introduced into 
the vessel by pressure after sealing the vessel. 

A heating means is preferably arranged outside the vessel. For example, the vessel can be jacketed with a heating 
means. Further, a plate heater can be attached outside the vessel. A heated liquid is circulated in tube contained in the 
plate heater to heat the vessel. 

A stirring wing is preferably arranged in the vessel to stir the mixture of cellulose acetate propionate in a solvent. 
The length of the wing is preferably adjusted to almost reach the inside wall of the vessel. A scratching wing is preferably 
attached at the end of the stirring wing to scratch a liquid membrane formed along the inside wall of the vessel. 

Meters such as a thermometer and a manometer can be attached to the vessel. The components are dissolved in 
a solvent in the vessel. After cooling the prepared solution (dope), the solution is discharged from the vessel. Alterna- 
tively, the solution can be cooled after the solution is discharged from the vessel. 

The concentration of the solution is determined according to use of the solution. The solution contains cellulose 
acetate propionate usually in the range of 5 to 50 wt.%, and preferably in the range of 10 to 40 wt.%. 

In the case that the solution is used to prepare a cellulose acetate propionate film, the solution has a viscosity pref- 
erably in the range of 10,000 to 1,000,000 cR 

Other additives (e.g., a plasticizer, inorganic powder, a stabilizer, a coloring agent, an antioxidizing agent, an anti- 
static agent, an ultraviolet absorbent, a flame retarder) can be added to the solution according to use of the solution. 

A cellulose ester product usually contains a plasticizer to improve the physical property or to increase the drying 
speed. A phosphoric ester or a carboxylic ester is usually used as the plasticizer. Examples of the phosphoric esters 
include triphenyl phosphate and tricresyl phosphate. Representative carboxylic ester plasticizers are phthalic esters 
and citric esters. Examples of the phthalic esters include dimethyl phthalate, diethyl phthalate, dibutyl phthalate, dioctyl 
phthalate and diethylhexyl phthalate. Examples of the citric esters include acetyltriethyl citrate and acetyl triethyl citrate. 
Examples of the other carboxylic esters include butyl oleate, methyl acetyl ricinoleate, dibutyl sebacate, triacetin, Meth- 
ylene glycol diacetate, triethylene glycol dipropionate and various trimellitic esters. Two or more plasticizers can be 
used in combination. 

The amount of the plasticizer is usually in the range of 0.1 to 40 wt.% based on the amount of cellulose acetate 
propionate. 

Examples of inorganic powders include kaolin, talc, diatomite, quartz, calcium carbonate, barium sulfate, titanium 
dioxide and alumina. 

Examples of stabilizers include salts of alkaline earth metals (e.g., calcium, magnesium) and triphenyl phosphate. 
[Cellulose acetate propionate film] 

A cellulose acetate propionate film can be prepared according to a solvent casting method by using the cellulose 
acetate propionate solution. The solvent casting method is described in U.S. Patent Nos. 2,336,310, 2,367,603, 
2,492,077, 2,492,078, 2,607,704, 2,739,069, 2,739,070, British Patent Nos. 640,731, 736,892, Japanese Patent Publi- 
cation Nos. 45(1970)-4554, 49(1 974) -561 4, Japanese Patent Provisional Publication Nos. 60(1 985)-1 76834, 60(1985)- 
203430 and 62(1 987)-1 15035. 

According to a conventional solvent casting method, a prepared cellulose ester solution (dope) is cast on a support 
(e.g., drum, band), and dried. The formed film is peeled from the support. The surface of the support is preferably pol- 
ished to give a mirror plane. 

The film is dried usually at a temperature in the range of 20 to 250°C (preferably 30 to 200°C) at atmospheric pres- 
sure or under a reduced pressure. 

The thickness of the film is determined depending on use of the film. The thickness is usually in the range of 0.1 to 
250 jam. An optical thin film for the protection of IC mask usually has a thickness in the range of 0.1 to 3 jim. A lapping 
film usually has a thickness in the range of 10 to 50 ^im. Further, a photographic or optical film usually has a thickness 
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in the range of 50 to 250 *im. 



[Other cellulose acetate propionate products] 



5 cellulose ester fibers can be prepared from the cellulose acetate propionate of the present invention. The cellulose 

ester fibers can be prepared according to a conventional method, for example by spinning fibers from the solution 
(dope) and removing the solvent from the fibers. The process of drying the fibers can be conducted in the same manner 
as in the above-mentioned process of drying the film. The cellulose ester fibers have a thickness preferably in the range 
of 1 to 16 deniers, more preferably in the range of 1 to 10 deniers, and most preferably in the range of 2 to 8 deniers. 

w There is no specific limitation with respect to the sectional shapes of the fibers. Examples of the sectional shapes 
include a round shape, an oval shape, an irregular shape (e.g., the shapes of the letters Y X, I or R) and a hollow shape. 

The other various cellulose ester products can be prepared by using the cellulose acetate propionate of the present 
invention. The products can be prepared by using not only a solution (dope) or a melt of the cellulose acetate propionate 
but also cellulose acetate propionate particles. According to an extrusion or injection molding method, a product can be 

is prepared from the cellulose acetate propionate particles. 

In the preparation of the product, other cellulose esters can be used in combination with the cellulose acetate pro- 
pionate of the present invention. Examples of the other cellulose esters include organic acid esters (e.g., cellulose ace- 
tate, cellulose propionate, cellulose butyrate) and inorganic acid esters (e.g., cellulose nitrate, cellulose sulfate, 
cellulose phosphate). 

20 Products prepared by using the cellulose acetate propionate of the present invention are excellent in the mechan- 
ical strength and the optical property. The products are particularly excellent in the kinematic viscoelasticity. For exam- 
ple, the film of the present invention has a complex modulus or a storage modulus usually in the range of 2.8x1 o 9 to 
8x1 0 9 (preferably in the range of 3x1 0 9 to 5x1 0 9 ). Further, the loss tangent (tan 6) is usually not more than 0.034 (pref- 
erably in the range of 0.02 to 0.034). 

25 Because of the above-mentioned excellent physical properties, the cellulose acetate propionate of the present 
invention can advantageously be used to prepare a photogrpahic film or an optical film (e.g., a polarizing film), which 
severely requires excellent physical properties. 



EXAMPLE 1 

30 

To 300 g of cellulose, 896 g of acetic acid and 203 g of propionic acid were added. The mixture was stirred at 54°C 
for 30 minutes. After cooling the mixture, 419 g of acetic anhydride, 622 g of propionic anhydride, 10.6 g of sulfuric acid 
and 6.3 g of propionic acid (each of which was precooled at about -20°C) were added to the mixture to initiate an ester- 
ifying reaction. The reaction was so controlled that the reaction temperature was not higher than 40°C. After the ester- 
35 ifying reaction was continued for 155 minutes, a mixture (reaction stopping agent) of 295 g of acetic acid and 98.5 g of 
water were added to the reaction mixture for 20 minutes to hydrolyze extra anhydrides. To the reaction mixture, 886 g 
of acetic acid and 295 g of water were added while keeping the temperature of the mixture at 60°C. After 1 hour, an 
aqueous solution of 17.0 g of magnesium acetate was added to the mixture to neutralize sulfuric acid in the mixture. 

The obtained cellulose acetate propionate had the degree of acetyl substitution (DSac) of 2.31 and the degree of 
40 propionyl substitution (DSpr) of 0.61 . The weight average degree of polymerization was 560, and the number average 
molecular weight was 88,900. 

The cellulose acetate propionate was mixed with acetone, methyl acetate or chloroform at the room temperature. 
The cellulose acetate propionate was dissolved in each of the organic solvents to obtain a solution of 1 0 wt.% or more. 

A 10 wt.% solution of the cellulose acetate propionate in chloroform was cast on a glass plate, and air-dried for 1 
45 day. The formed film (thickness: 100 jim) was dried under vacuum at 80°C for 4 hours. The film was heated at 200°C 
for 60 minutes, and was subjected to the X-ray diffraction. The obtained X-ray diffraction is shown in Fig. 1. In Fig. 1, 
the ordinate means the X-ray scattering intensity (Kcps) and the abscissa means Bragg angle (20). 

As is shown in Fig. 1 , three peaks (P1 , P2, P3) were observed within the Bragg angle (20) range of 5 to 14.5°. The 
amorphous index (Am) was calculated according to the formula. 

50 

Am = 0.5x{l(2e=5 o )+l(20=14.5 o )HP1+P2+P3) = 0.08 



Further, the sample film (thickness: 100 *im) was cut into pieces of 2 mm width and 35 mm length. Both ends of the 
piece was fixed, and vibration was forced to the piece to measure distortion. The complex modulus, the storage modu- 
55 lus and the loss tangent (tan 6) were obtained from the relation between the stress and the distortion. The measure- 
ment was conducted by using a solid-state automatic viscoelasticity meter (RSA-II, Reometrix). At the measurement, 
the frequency was 10 Hz at 26°C. 

The results are set forth in Table 1. 
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COMPARISON EXAMPLE 1 

A commercially available cellulose acetate propionate (Cellidore, Bayer, DSac: 0.32, DSpr: 2.32) was dissolved in 
chloroform to prepare a 10 wt.% solution. The solution was cast on a glass plate, and air-dried for 1 day. The formed 
5 film (thickness: 1 00 ^m) was dried under vacuum at 80°C for 4 hours. The film was heated at 200°C for 60 minutes, and 
was subjected to the X-ray diffraction. The obtained X-ray diffraction is shown in Fig. 2. In Fig. 2, the ordinate means 
the X-ray scattering intensity (Kcps) and the abscissa means Bragg angle (20). 

As is shown in Fig. 2, one peak (P1) was observed within the Bragg angle (20) range of 5 to 14.5°. The amorphous 
index (Am) was calculated according to the formula. 

10 

Am = 0.5x{l(20=5°)+l(20=14.5°)HP1 = 0.50 

Further, the complex modulus, the storage modulus and the loss tangent (tan 8) were obtained in the same manner 
as in Example 1 . 
75 The results are set forth in Table 1 . 

EXAMPLE 2 

To 303 g of cellulose, 908 g of acetic acid and 200 g of propionic acid were added. The mixture was stirred at 54°C 
20 for 30 minutes. After cooling the mixture, 701 g of acetic anhydride, 276 g of propionic anhydride, 10.6 g of sulfuric acid 
and 6.3 g of propionic acid (each of which was precooled at about -20°C) were added to the mixture to initiate an ester- 
ifying reaction. The reaction was so controlled that the reaction temperature was not higher than 40°C. After the ester- 
ifying reaction was continued for 150 minutes, a mixture (reaction stopping agent) of 295 g of acetic acid and 98.5 g of 
water were added to the reaction mixture for 20 minutes to hydrolyze extra anhydrides. To the reaction mixture, 886 g 
25 of acetic acid and 295 g of water were added while keeping the temperature of the mixture at 60°C. After 1 hour, an 
agueous solution of 1 7.0 g of magnesium acetate was added to the mixture to neutralize sulfuric acid in the mixture. 

The obtained cellulose acetate propionate had the degree of acetyl substitution (DSac) of 2.60 and the degree of 
propionyl substitution (DSpr) of 0.30. The weight average degree of polymerization was 520, and the number average 
molecular weight was 75,800. 

30 The cellulose acetate propionate was mixed with acetone, methyl acetate or chloroform at the room temperature. 
The cellulose acetate propionate was dissolved in each of the organic solvents to obtain a solution of 10 wt.% or more. 

Further, the complex modulus, the storage modulus and the loss tangent (tan 6) were obtained in the same manner 
as in Example 1 . 

The results are set forth in Table 1 . 

35 

EXAMPLE 3 

To 303 g of cellulose, 881 g of acetic acid and 203 g of propionic acid were added. The mixture was stirred at 54°C 
for 30 minutes. After cooling the mixture, 605 g of acetic anhydride, 400 g of propionic anhydride, 10.6 g of sulfuric acid 
40 and 6.3 g of propionic acid (each of which was precooled at about -20°C) were added to the mixture to initiate an ester- 
ifying reaction. The reaction was so controlled that the reaction temperature was not higher than 40°C. After the ester- 
ifying reaction was continued for 140 minutes, a mixture (reaction stopping agent) of 295 g of acetic acid and 98.5 g of 
water were added to the reaction mixture for 20 minutes to hydrolyze extra anhydrides. To the reaction mixture, 886 g 
of acetic acid and 295 g of water were added while keeping the temperature of the mixture at 80°C. After 40 minutes, 
45 an aqueous solution of 1 7.0 g of magnesium acetate was added to the mixture to neutralize sulfuric acid in the mixture. 

The obtained cellulose acetate propionate had the degree of acetyl substitution (DSac) of 2.38 and the degree of 
propionyl substitution (DSpr) of 0.39. The weight average degree of polymerization was 541 , and the number average 
molecular weight was 83,800. 

The cellulose acetate propionate was mixed with acetone, methyl acetate or chloroform at the room temperature. 
so The cellulose acetate propionate was dissolved in each of the organic solvents to obtain a solution of 10 wt.% or more. 

Further, the complex modulus, the storage modulus and the loss tangent (tan 5) were obtained in the same manner 
as in Example 1 . 

The results are set forth in Table 1 . 

55 EXAMPLE 4 

To 301 g of cellulose, 753 g of acetic acid and 331 g of propionic acid were added. The mixture was stirred at 54°C 
for 30 minutes. After cooling the mixture, 919 g of acetic anhydride, 10.6 g of sulfuric acid and 6.3 g of propionic acid 
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(each of which was precooled at about -20°C) were added to the mixture to initiate an esterifying reaction. The reaction 
was so controlled that the reaction temperature was not higher than 40°C. After the esterifying reaction was continued 
for 140 minutes, a mixture (reaction stopping agent) of 295 g of acetic acid and 98.5 g of water were added to the reac- 
tion mixture for 20 minutes to hydrolyze extra anhydrides. To the reaction mixture, 886 g of acetic acid and 295 g of 
s water were added while keeping the temperature of the mixture at 80°C. After 1 hour, an aqueous solution of 1 7.0 g of 
magnesium acetate was added to the mixture to neutralize sulfuric acid in the mixture. 

The obtained cellulose acetate propionate had the degree of acetyl substitution (DSac) of 2.71 and the degree of 
propionyl substitution (DSpr) of 0.17. The weight average degree of polymerization was 602, and the number average 
molecular weight was 83,400. 

10 The cellulose acetate propionate was mixed with acetone, methyl acetate or chloroform at the room temperature. 
The cellulose acetate propionate was dissolved in each of the organic solvents to obtain a solution of 10 wt.% or more. 

Further, the complex modulus, the storage modulus and the loss tangent (tan 8) were obtained in the same manner 
as in Example 1 . 

The results are set forth in Table 1 . 

75 



TABLE 1 



Sample No. 


Degree of substitution 


Amorphous index 


Elastic modulus (xio 9 Pa) 


Los tangent (tan 8) 




DSac 


DSpr 




Complex 


Storage 




Ex. 1 


2.31 


0.61 


0.08 


3.23 


3.23 


0.031 


Comp. 1 


0.32 


2.32 


0.50 


2.56 


2.56 


0.036 


Ex.2 


2.61 


0.30 


0.07 


3.26 


3.26 


0.029 


Ex. 3 


2.38 


0.39 


0.10 


3.24 


3.24 


0.031 


Ex.4 


2.71 


0.17 


0.08 


3.94 


3.94 


0.030 



As is evident from the results shown in Table 1 , the films prepared according to the present invention have a high 
elasticity and a low loss tangent (tan 8) and compared with the film of the comparative sample. The results mean that 
the films prepared according to the invention are hard, and have excellent mechanical properties. 

Claims 

1- Cellulose acetate propionate having an amorphous index (Am) of not more than 0.4 defined in the following for- 
mula: 

Am , 0-5 x (1(26=5°) + 1(26=14.5°)) 
n 

i=1 



in which 1(26=5°) and 1(26=14.5°) mean X-ray scattering intensities where Bragg angles (26) are 5° and 14.5° 
respectively, which are obtained by forming a film of 100 urn thick from a cellulose acetate propionate solution, 
treating the film at 200°C for 60 minutes and measuring X-ray diffraction of the film; n means the number of peaks 
observed in X-ray scattering intensity curve within the range of 5° to 1 4.5° of Bragg angles (26) in the measurement 
of the film; and Pi means X-ray scattering intensity at the peak number i in the measurement of the film. 

The cellulose acetate propionate as claimed in claim 1, wherein the amorphous index (Am) is in the range of 0 01 
to 0.3. 



i. The cellulose acetate propionate as claimed in claim 1, wherein the cellulose acetate propionate has a degree of 
acetyl substitution (DSac) and a degree of propionyl substitution (DSpr) satisfying the formulas (I) to (III). 

2.0<DSac^2.95 (I) 

0.05<DSpr^0.8 (II) 
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2.6<DSac+DSpr<3.0 (III) 

4. The cellulose acetate propionate as claimed in claim 1 , wherein the cellulose acetate propionate has a weight aver- 
age degree of polymerization in the range of 350 to 800. 

5. The cellulose acetate propionate as claimed in claim 1, wherein the cellulose acetate propionate has a number 
average molecular weight in the range of 70,000 to 230,000. 

6. Cellulose acetate propionate having a degree of acetyl substitution (DSac) and a degree of propionyl substitution 
(DSpr) satisfying the formulas (I) to (IV)- 

2.0<DSac<2.95 (I) 
0.05<DSpr<0.8 (II) 
2.6<DSac+DSpr<;3.0 (HI) 
1.9<Dsac-Dspr (IV) 

7. A solution of cellulose acetate propionate in an organic solvent, wherein the cellulose acetate propionate has an 
amorphous index (Am) of not more than 0.4 defined in the following formula: 

. _ 0.5 x {1(20=5°) + 1(26=14.5°)} 
Am - n 

i=1 

in which 1(26=5°) and 1(20=14.5°) mean X-ray scattering intensities where Bragg angles (20) are 5° and 14.5° 
respectively, which are obtained by forming a film of 100 thick from a cellulose acetate propionate solution, 
treating the film at 200°C for 60 minutes and measuring X-ray diffraction of the film; n means the number of peaks 
observed in X-ray scattering intensity curve within the range of 5° to 14.5° of Bragg angles (20) in the measurement 
of the film; and Pi means X-ray scattering intensity at the peak number i in the measurement of the film. 

8. The solution as claimed in claim 7, wherein the organic solvent essentially does not contain hydrocarbon halide. 

9. The solution as claimed in claim 7, wherein the solution contains cellulose acetate propionate in the range of 5 to 
50 wt.%. 

10. A cellulose acetate propionate film prepared by a solvent casting method using a solution of cellulose acetate pro- 
pionate in an organic solvent, wherein the cellulose acetate propionate has an amorphous index (Am) of not more 
than 0.4 defined in the following formula: 

Am - 0 5 x W 2e=5 °) + '(20=14.5°)} 

i=1 

in which 1(20=5°) and 1(20=14.5°) mean X-ray scattering intensities where Bragg angles (20) are 5° and 14.5° 
respectively, which are obtained by forming a film of 100 |im thick from a cellulose acetate propionate solution, 
treating the film at 200°C for 60 minutes and measuring X-ray diffraction of the film; n means the number of peaks 
observed in X-ray scattering intensity curve within the range of 5° to 1 4.5° of Bragg angles (20) in the measurement 
of the film; and Pi means X-ray scattering intensity at the peak number i in the measurement of the film. 
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Fig. 1 
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Fig. 3 
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(54) Cellulose acetate propionate, solution thereof and cellulose acetate propionate film 

(57) Cellulose acetate propionate is a cellulose 
ester wherein hydroxyl groups of cellulose are substi- 
tuted with acetyl and propionyl. Cellulose acetate propi- 
onate of the present invention has an amorphous index 
(Am) of not more than 0.4. Cellulose acetate propionate 
has a degree of acetyl substitution (DSac) and a degree 
of propionyl substitution (DSpr), which preferably satisfy 
the formulas (I) to (III), and more preferably satisfy the 
formulas (I) to (IV). The present invention also provides 
a solution of cellulose acetate propionate and a cellu- 
lose acetate propionate film. 
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